The nonamethylene bridge of the title compound shows high conformational mobility and an asymmetric structure in the crystal. Molecular mechanics (MM+) calculations reproduced well the crystal structure, which has the lowest energy conformation.
Introduction
The crystal molecular structure of medium and large cyclophanic rings is an interesting subject which complements the information gained on the structure in solution by dynamic NMR methods. The low temperature NMR study of heterocyclic [9] cyclophanes has revealed a rapid ring flipping with an energy barrier ∆G ‡ between 8.9 and 9.8 kcal/mol. 1 In order to gain insight on the crystal structure of the nonamethylene bridge we analysed the structure of the title compound (3) by X-ray crystallography. Furthermore, we performed molecular mechanics calculations using the MM+ force field, which is adequately parameterised for cycloalkanes within the HyperChem® package, 2 in order to obtain more information on such [9]metacyclophanes annulated to related heterocycles. The calculations show that several conformations of the ansa bridge are within 1.5 kcal/mol of the lowest energy structure which corresponds to the one encountered in the crystal. 1 The various conformations involved in the bridge flipping revealed by the NMR spectra were presented and discussed. The three compounds were the pyrylium perchlorate (1, X = O + ), obtained by diacetylation of cyclododecene by acetic anhydride and 70% perchloric acid, 3 the corresponding pyridine (2, X = N) and N-methylpyridinium perchlorate (3, X = N-Me + ) formed from the pyrylium salt 1 and ammonia and methylamine, respectively. The last compound is the topic of the present paper. Figure 1 presents an ORTEP plot of the molecular structure of 3 in the crystal. The perchlorate anion is disordered in the crystal, and multiple orientations had to be taken into account for solving the structure. Only one of the orientations is shown in Figure 1 . The final atomic coordinates for non-hydrogen atoms are given in Table 1 . Selected bond lengths and angles are given in Table 2 . There are no intermolecular distances shorter than van der Waals contacts. Interestingly, the structure is asymmetric as evidenced by the torsion angles of the nonamethylene bridge, which are listed in Table 3 .
We could reproduce the structure by performing energy minimizations with MM+ molecular mechanics within the HyperChem® package. The force field is adequately parameterized and the lowest energy conformation was indeed the one encountered in the crystal. However, by a combination of molecular dynamics and repeated energy minimization, several other conformations could be found. These were situated within less than 1.5 kcal/mol higher in energy. Table 3 presents the relative energies and the torsion angles of the Nonamethylene Bridge for the corresponding pyridine devoid of the 2,6-(α-methyl groups 4 Also given in Table 3 are the torsion angles of the nonamethylene bridge encountered in the crystal of 3. The next lowest energy conformation 4b, which is also asymmetric, is only 0.5 kcal/mol higher in energy than the one, which mimics the crystal structure 4a. The next two conformations have a C2 symmetry axis passing through C1 and C10. These four structures are presented in Figure 3 . Other conformations of the nonamethylenic chain, all higher in energy, were also encountered as stable minima. The calculations indicate a high conformational mobility of the chain, which is also reflected by the thermal ellipsoids of the crystal structure. The same great mobility was encountered previously in the crystal structure of (E)-(-)-2-cyclododecenyl camphanate, which is also loosely packed. 4 However, the torsion angles are quite different in this case due to the trans double bond, which is a different structural element as compared to our meta-cyclophanic unit.
Experimental Section
The pyrylium salt with a nonamethylene bridge 3 was reacted with an excess of an ethanol solution of methylamine to give in 71% isolated yield the colorless microcrystals of pyridinium salt 3 with a melting point of 229 °C (dec.). 1 Crystals suitable for the X-ray analysis were grown by slowly diffusing diethyl ether into a saturated chloroform solution of 3. The crystal was mounted on a Nonius diffractometer. Details of the crystal structure determination and solution refinement: [5] [6] [7] [8] 
Conclusions

